INTRODUCTION
I n 2001, it was reported that there were roughly 2.5 million baseball players in the United States with approximately 99% of those participating in youth (pre-high school) or high school baseball (8) . The other 1% of players came from college or professional (minor league to major league baseball) baseball (8) . Most recently, it was reported that approximately 15 million children and adults play organized baseball with some 5.7 million children eighth grade or lower playing baseball (23) . Because most baseball players are youth and high school athletes, it makes sense that programs designed to potentially offset injury and enhance performance should take into consideration the chronological age, maturation status, and playing experience of the players because these athletes are not "miniature adults" (11) .
For baseball-related injuries, a research study by Olsen et al. (21) established a link between throwing volume and shoulder/elbow injuries among youth baseball pitchers. The findings of this study stated that the injured group of pitchers self-reported pitching more months per year, innings per game, and pitches per game. It was additionally reported that pitchers who threw more than 8 months per year increased the odds of surgery by 5-fold. The most concerning finding was that pitchers who regularly pitched while their arm was fatigued were 36 times more likely to be in the surgery group.
To add more fuel to this incidence of injury fire, it was recently reported that today's youth baseball players can play on multiple teams, local and travel teams, playing 70 games or more per year over 8 consecutive months (21) . Fleisig and Andrews (13) stated that the huge rise in elbow injuries in youth pitchers is related to the extended competitive baseball playing time. These data from previous studies prompted the USA Baseball Medical and Safety Advisory Committee to make 6 recommendations, of which 4 that relate to this article are listed. They are that (a) pitchers take 3 months off during the year, (b) pitchers learn good pitching mechanics, (c) pitchers should get involved in a year-round physical conditioning program, and (d) limit participation to 1 team per season (26) . Based on these recommendations, it is suggested that youth athletes get involved in other sports throughout the year that could increase their athleticism, allow the young athlete to experience other activities, and offset any potential burnout from playing 1 sport continuously for 12 months (13) .
Furthermore, it has been suggested that proper sports training should begin in childhood with long-term athletic development (LTAD) in mind (4, 7, 17) . The LTAD model suggests that there are vital "windows of opportunity" during youth developmental years (17) . However, this is difficult to accomplish if you only work with a young athlete periodically throughout each year and are not involved in their continued training as they grow and mature. Hopefully, youth athletes are playing multiple sports throughout the year because physical fitness components, such as strength, speed, and power, will be enhanced. Therefore, a program designed for youth athletes should be significantly different from that of the adults from an intensity, volume, and total daily training time standpoint. Furthermore, it should consider anatomical and biological age, length of training, and be flexible (7, 17) .
Anatomical age refers to a number of stages of anatomical growth that can be recognized by identifying various developmental characteristics (7) . In this article, the stage of prepuberty for boys, indicative of a slow and balanced development when the functions of some internal organs become more efficient, is defined as the chronological ages of 7-12 years and will be broken into 2 age categories from 7-9 and 10-12 years for resistance training. For the long toss throwing programs described in this article, this age range for the youth baseball players is divided into 3 age categories, 7-8, 9-10, and 11-12 years. The stage of puberty for boys generally occurs from 12 to 14 years, but in this article, the chronological ages of 13-14 years will be used for the resistance training and long toss throwing program described later in this article. This stage is indicative of fast growth and development in height, weight, and the efficiency of some organs, as well as sexual maturation with change in interests and behaviors (7).
Biological age means "the physiological development of the internal organs and systems in the body that help determine the physiological potential, both in training and competition, to reach a high-performance level" (7) . If a coach believes in a firm chronological age classification system or does not take age into consideration, this could result in misjudgments, bad evaluations, and poor coaching and training decisions for a particular athlete. Two youth athletes with the same anatomical age, who appear similar in height, weight, and muscular development, could be of different biological age and have different abilities to perform various training tasks (7).
For length of training, previous research by Escamilla et al. (9) demonstrated that youth baseball players, aged 11-15 years, increased throwing velocity after completing a 4-week combined rotator cuff and long toss throwing program. Most recently, Escamilla et al. (10) indicated that high school baseball players, aged 14-17 years, increased throwing velocity after completing 1 of 3 different 6-week resistance training programs that used either the Thrower's 10 program, Keiser pneumatic resistance machine exercise program, or plyometric program alone (10) . This study demonstrated that no single resistance training program was more effective than the other in increasing throwing velocity. However, the authors stated that the Thrower's 10 and plyometric programs were the easiest to implement because both programs used minimum and inexpensive resistance devices (tubing, dumbbells, and medicine balls). On another note, it was mentioned in both articles that the short duration of the studies was advantageous because over the course of a year, oftentimes young athletes are playing multiple sports, are involved with other extracurricular activities, and they do not have the opportunity to complete long-term resistance training programs.
Training to improve throwing velocity is only 1 aspect of overall baseball performance. There are also the aspects of having fun, bat velocity, running, agility, injury prevention, and overall health and fitness. Therefore, those that train youth baseball players should use information from research and strength and conditioning to develop age-appropriate resistance training programs for youth baseball players.
The goal of this article is to provide readers with examples of 6-week preseason resistance training programs for youth baseball players that are research based, relate to the movements of the game, and do not take a significant amount of equipment or time to complete. Additionally, this article presents medicine ball and resistance training exercises as well as rotator cuff exercises accompanied with a long toss throwing program for youth baseball players aged 7-14 years. The aspects of flexibility, speed, agility, and conditioning are not presented in this article.
PROGRAM DESIGN
The weekly program design in this article for the youth baseball player incorporates plyometric medicine ball and full-body resistance training exercises on Monday, Wednesday, and an option for Friday in addition to rotator cuff exercises and a long toss throwing program on Tuesday and Thursday before baseball practice. The programs designed in this article are intended to develop explosive rotational power that mimic various parts of baseball movements, tendon, muscle, trunk, and arm strength, as well as joint flexibility. Table 1 displays the weekly schedule.
PLYOMETRIC PROGRAM
The plyometric resistance program designed in this article consists of medicine ball exercises performed explosively. For this program, all the medicine ball exercises are to be performed using the stretch-shortening cycle, which requires a rapid eccentric muscle action (prestretch) followed immediately by a countermovement that involves a rapid concentric muscle action to generate peak force as quickly as possible (10, 16) . All the medicine ball exercises involve the entire body, sequencing from the lower body to the torso to the upper body. These movements mainly take place in the transverse and diagonal planes, Table 1 Weekly training schedule (7) (8) (9) (10) (11) (12) (13) (14) which were chosen because of their specificity to throwing, hitting, and similar baseball movements. Because of the ballistic and explosive nature of the medicine ball training, slightly fewer repetitions are used during this training compared with the Thrower's 10 exercises and the resistance training programs (10) . Players between the ages of 7 and 9 years will use medicine balls that weigh between 2 and 6 lbs, whereas players between the ages of 10 and 14 years will use medicine balls that weigh between 4 and 8 lbs. However, if modifications need to be made because of different maturation status or overall strength, adjust the weight of the medicine ball accordingly. Each exercise should be performed as explosively as possible. The players, depending on age, will perform 2 sets of 6-10 repetitions (reps) 2-3 times per week with 60-90 seconds of rest between sets. Weeks 1 and 4 will be for 10 reps (2 lb 5 7-to 9-year-olds and 4 lb 5 10-to 14-year-olds), weeks 2 and 5 will be for 8 reps (4 lb 5 7-to 9-year-olds and 6 lb 5 10-to 14-year-olds), and weeks 3 and 6 will be for 6 reps (6 lb 5 7-to 9-year-olds and 8 lb 5 10-to 14-yearolds) while performing the exercise properly. For example, see Tables 2-4 for exercise programs. 
RESISTANCE PROGRAM
Before beginning a resistance training program, make sure that youth athletes know how to perform all exercises properly. This can be accomplished by having a certified strength and conditioning coach who demonstrates and explains how to correctly perform all the exercises before the players perform them. Additionally, it is important that the coach correct improper lifting technique, answer any of the athlete's questions, and provide positive encouragement during the training sessions.
The National Strength and Conditioning Association (NSCA) has written youth resistance training guidelines and recommends 1-3 sets of 6-15 reps with age-appropriate weight loads (11) . Additionally, the NSCA recommends that resistance is increased gradually (5-10%) as strength and exercise technique improve and athletes become skilled in the various exercise procedures (11) . According to Faigenbaum and Westcott (12), 7-to 9-year-olds respond well to brief exercise sessions that use moderate weight loads and higher reps. Bompa (6) states that the attention span for youths 7-9 years is very short, they cannot sit and listen for long periods of time, and they want to be actively moving around. Therefore, it is recommended in Table 2 , which has been modified from Szymanski (24) , that 7-to 9-year-olds only perform 1 set of a 9 station full-body exercise program for 10-15 reps of the resistance training exercises 2 times per week (12) . There should be 60-90 seconds of rest between sets.
The NSCA, in its youth resistance training guidelines, recommends that athletes aged 10-12 years perform 1-3 sets of 6-15 reps with age-appropriate weight loads 2-3 times per week (11) . Additionally, the NSCA recommends that resistance is increased gradually (5-10%) as strength and exercise technique improve and athletes become skilled in the various exercise procedures (11) . Because these players attain similar results from resistance training as 7-to 9-year-olds, it is recommended in Table 3 , which has been 
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Strength and Conditioning Journal | www.nsca-scj.com modified from Szymanski (24) , that 10 to 12-year-olds perform 1-2 sets of a 10 station full-body exercise program for 10-15 reps for resistance training exercises 2-3 times per week (12) . There should be 60-90 seconds of rest between sets.
For young athletes aged 13-14 years, the NSCA recommends 1-3 sets of 6-15 reps (11). Additionally, the NSCA recommends that resistance is increased gradually (5-10%) as strength and exercise technique improve and athletes become skilled in the various exercise procedures (11) . In Table 4 , it is recommended that beginners, those with less than or equal to 2-3 months lifting experience, perform 1-2 sets of an 11 station full-body exercise program for 10-15 reps for resistance training exercises 2-3 times per week. For more advanced athletes, those with at least 12 months of resistance training experience, it is recommended in Table 4 , which has been modified from Szymanski (24) , to perform 2-3 sets of an 11 station full-body exercise program for 8-12 reps for resistance training exercises 2-3 times per week (12) . There should be 60-90 seconds of rest between sets.
ROTATOR CUFF PROGRAM
The rotator cuff is comprised of 4 muscles (supraspinatus, infraspinatus, teres minor, and subscapularis) which are important in shoulder movements and in maintaining glenohumeral (shoulder) joint stability (20) . These muscles arise from the scapula and connect to the head of the humerus, forming a cuff at the shoulder joint. They hold the head of the humerus in the small and shallow glenoid fossa of the scapula. The glenohumeral joint has been analogously described as a golf ball (head of the humerus) sitting on a golf tee (glenoid fossa).
The Thrower's 10 program focuses on muscles in the throwing arm, such as (i) press-ups, and (j) bent-over rows with scapula retraction. Photos and detailed descriptions of all these exercises can be found in the study by Escamilla et al. (10) , online in PDF format at www.asmi.org/SportsMed/throwing/ thrower10, and online in videos at www. asmi.org/SportsMed/media/thrower10. The players, depending on age, will perform 1-2 sets of 8-12 reps 2-3 times per week with 60-90 seconds of rest between sets. Weeks 1 and 4 will be for 12 reps, weeks 2 and 5 will be for 10 reps, and weeks 3 and 6 will be for 8 reps with the greatest resistance possible, between 1 and 5 lb, while performing the exercise properly. If players are using resistance bands to perform the exercises, then those who train them must have different color bands that represent different resistance. It is recommended to have bands that are between 1 and 5 lb of 
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LONG TOSS PROGRAM
The topic of long toss throwing for baseball pitchers is a long-standing debate among baseball pitching coaches as well as for those that train baseball pitchers. Some advocate it, whereas some do not. Interested readers only need to enter the topic on their computer to find the many opinions expressed regarding this form of training. However, the long toss throwing programs described in this article are for all injury-free players, no matter what the position, based on age and are not for maximum distances. According to Axe et al. (3), "the only way to mimic the forces of a baseball throw is to actually throw a ball." The long toss throwing programs in this article are progressive sport-specific regimens for noninjured baseball players that gradually expose them to the demands they will experience as they play the game. Because this article assumes that each youth baseball player is healthy, only 6 weeks of throwing is required. However, if readers are interested in a more individualized throwing program for those players returning from injury, see the articles by Axe et al. (1,3) . The goals of the long toss throwing programs in this article are to prepare the baseball player for the workload experienced during games and to minimize the chances of injury. One of the major features of these long toss throwing programs is that they are research based. In support of this, Axe et al. (1) stated, "In this era of evidencebased medicine, it is important that treatment interventions be based on objective data, whenever possible."
Research completed about how many throws are made during actual collegiate baseball games by all the various positions in baseball has been reported previously by Barrett and Burton (5). The results indicated that most throws during a college game are made by pitchers (51%), whereas catchers make 29% of the total throws per game. The rest of the throws made during a college game, which are made by all the other position players, range between 3 and 5%. Additionally, the distance thrown by position and number of throws per game was reported as well. Most throws were made between the distance of 46 and 60 ft, and these throws were made mostly by the pitchers and catchers. The longest throws (180 ft and longer) during games were made by outfielders.
Recently, Fleisig et al. (15) compared the biomechanics of baseball pitching and long toss throwing. They had college baseball pitchers throw fastballs from a pitching mound, which is 60 ft, 6 in from home plate and then throws with a baseball from 121.4, 180.4 ft, and maximum distance from flat ground. Pitchers were instructed to throw "hard, on a horizontal line" for the throws from 121.4 and 180.4 ft. There were no constraints on the trajectory of the throws for maximum distance. The conclusion from this study was that hard, horizontal flat-ground throws are biomechanically similar to pitching from a mound "and are, therefore, reasonable exercises for pitchers." These authors did, however, state that maximum distance throws produced increased shoulder internal rotation torque, elbow varus torque, and changes in throwing motions. Because of these results, the authors did state that caution is advised when performing long toss throws for maximum distance for rehabilitation and training.
With the information provided by the studies of Barrett and Burton (5) and Fleisig et al. (15) , it is recommended that long toss throwing programs for high school and more mature baseball players are no longer than 180 ft. However, because this article deals specifically with youth baseball players, specific recommendations will be provided for them. The long toss throwing programs in Table 5 for youth baseball players aged 7-10 years old were modified by the author of this article from the distances and times for the older youth players in Table 6 recommended by the research of Escamilla et al. (9) and are not for maximum distance. Furthermore, it must be stated that youth baseball players do not generally have sound throwing mechanics, so those that train them should teach youth baseball players how to throw properly. However, it is beyond the scope of this article to address how to teach proper baseball throwing mechanics. Interested readers are therefore directed to the articles by Fleisig et al. (14) , Marsh (18) , and Whiteley (27) . The distances and times in Table 5 have been used to train Dixie Youth baseball players in North Louisiana by the author. These programs should be performed at the baseball field with the other players on the team after completing an active dynamic warm-up and the rotator cuff program. The only equipment needed for these programs are baseballs, a glove, and a tape measure. The total duration of the programs for 7-to 10-year-olds is 25 minutes, which addresses the short attention span of young players. Before beginning the long toss throwing program, it is strongly recommended that those training the baseball players put cones on the outfield area that mark the specific throwing distances, measured with the tape measure, to ensure compliance. After a 5-minute warm-up throwing at a 20-ft distance, have players aged 7-8 years perform pivot throws with an arc (no step allowed) for 9 minutes (30-ft throws for 3 minutes, 40-ft throws for 3 minutes, and 50-ft throws for 3 minutes). Then, have each player perform long toss throws with an arc (1 step allowed) for 6 minutes (50-ft throws for 3 minutes and 60-ft throws for 3 minutes). For these players, have them end their throwing by performing 5 hard throws (2 steps allowed) at 50 ft, 5 hard throws at 40 ft, and 5 hard throws at 30 ft while using proper throwing mechanics.
After a 5-minute warm-up throwing at a 25-ft distance, have players aged 9-10 years perform pivot throws with an arc (no step allowed) for 9 minutes (35-ft throws for 3 minutes, 55-ft throws for 3 minutes, and 75-ft throws for 3 minutes). Then, have each player perform long toss throws with an arc (1 step allowed) for 6 minutes (75-ft throws for 3 minutes and 90-ft throws for 3 minutes). For these players, have them end their throwing by performing 5 hard throws (2 steps allowed) at 75 ft, 5 hard throws at 55 ft, and 5 hard throws at 35 ft while using proper throwing mechanics.
The long toss programs listed in Table 6 have been shown to be effective in enhancing throwing performance in youth baseball players (2,9). These programs were implemented by Escamilla et al. (9) for youth baseball pitchers aged 11-15 years and demonstrated statistically significant improvements in throwing velocity compared with a control group that did not engage in the 4-week baseball-specific conditioning program. Just like the 7-to 10-year-old players listed above, instruct the 11-to 14-year-olds to begin their long toss program after completing an active dynamic warm-up and the rotator cuff program at the baseball field. The total duration of the programs for 11-to 14-year-olds is 35 minutes, which addresses the short attention span of young players. After a 5-minute warm-up throwing at a 50-ft distance, have players aged 11-14 years perform pivot throws with an arc (no step allowed) for 15 minutes (60-ft throws for 5 minutes, 75-ft throws for 5 minutes, and 100-ft throws for 5 minutes). Then, have each player perform long toss throws with an arc (1 step allowed) for 10 minutes (100-ft throws for 5 minutes and 125-ft throws and beyond for 5 minutes). For players aged 11-12 years, have them end their throwing by performing 5 hard throws (2 steps allowed) at 100 ft, 5 hard throws at 75 ft, and 5 hard throws at 50 ft while using proper throwing mechanics. Have players aged 13-14 years end their throwing by performing 5 hard throws (2 steps allowed) at 150 ft, 5 hard throws at 125 ft, and 5 hard throws at 100 ft while using proper throwing mechanics.
The final 3 minutes of all long toss throwing programs for youth baseball players (7-14 years) should include shoulder internal rotation stretches, (Figure 16 ). If pain results from any 1 or more of these tests, shoulder impingement is possible, and it is recommended that the player have a sports medicine physician evaluate the area of pain (13) . For the elbow, if there is tenderness or pain to the touch at the growth plate (apophysis) of the inside of the upper arm bone at the elbow (medial epicondyle) or on the outside aspect of the elbow, it is also recommended that the player see a sports medicine physician to assess the area of pain.
CONCLUSIONS
This article was written with the understanding that a youth player's annual schedule may be very busy because of playing multiple sports, being involved in extracurricular activities, and being involved with family events among other possible activities. With all these other occurrences going on, and based on the previous research with youth baseball players, the programs featured in this article were designed to only be 6 weeks in length and occur during the preseason, so that the youth player would hopefully not get burned out, lose interest, or get bored before the summer baseball season. Furthermore, with the reduction of physical education classes that youngsters may be experiencing today in grade school, it is a good idea to have 2 or more additional days of exercise that is planned and structured. Plyometric and resistance training exercises in addition to rotator cuff exercises and a long toss throwing program are included in this article. These programs were designed to incorporate exercises that address the entire body and movements of the game. Increasing the power and strength of a young athlete may enhance performance, possibly offset injury, increase their overall fitness level, and teach lifelong activity skills. However, it must be stated that it is very important to understand the training programs outlined in this article can be modified according to the player's stage of maturation rather than the chronological age listed in the various tables. Youth players of the same chronological age may differ by a few years in their level of biological maturation. Therefore, it is important to adjust the various programs to the individual athlete and let them develop at their own pace.
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